Spatially guided angiogenesis by three-dimensional collagen scaffolds micropatterned with vascular endothelial growth factor.
Successful regeneration of large and highly functionalized tissue and organs depends on the ability to guide blood vessel formation with three-dimensional scaffolds. Angiogenic growth factors have the potential to stimulate blood vessels in scaffolds. However, simply incorporating angiogenic growth factors in a random fashion may lead to uncontrolled blood vessel generation, which ultimately results in poor blood vessel network function and uneven growth of engineered tissue. To control and guide the formation of a blood vessel network in porous scaffolds, we prepared collagen sponges with micropatterned vascular endothelial growth factor (VEGF). VEGF was micropatterned in three-dimensional collagen sponges using micropatterned collagen/VEGF ice lines, which were prepared by a dispersing machine. The VEGF-micropatterned collagen sponges were implanted subcutaneously in nude mice. Following 6 weeks of implantation, the VEGF-micropatterned collagen sponges induced the formation of micropatterned blood vessel networks. More blood vessels were observed in the regions in which VEGF was immobilized than those without VEGF. The micropattern of VEGF determined the micropattern of the regenerated blood vessel network. The spatial immobilization of VEGF in three-dimensional porous scaffolds may be useful to stimulate guided blood vessel formation in a variety of tissue-engineering applications.